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Aims To report the longer term outcomes following either a strategy of endovascular repair first or open repair of ruptured
abdominal aortic aneurysm, which are necessary for both patient and clinical decision-making.
Methods
and results
This pragmatic multicentre (29 UK and 1 Canada) trial randomized 613 patients with a clinical diagnosis of ruptured an-
eurysm; 316 to an endovascular first strategy (if aortic morphology is suitable, open repair if not) and 297 to open repair.
The principal 1-year outcome was mortality; secondary outcomes were re-interventions, hospital discharge, health-
related quality-of-life (QoL) (EQ-5D), costs, Quality-Adjusted-Life-Years (QALYs), and cost-effectiveness [incremental
net benefit (INB)]. At 1 year, all-cause mortality was 41.1% for the endovascular strategy group and 45.1% for the open
repair group, odds ratio 0.85 [95% confidence interval (CI) 0.62, 1.17], P ¼ 0.325, with similar re-intervention rates in
each group. The endovascular strategy group and open repair groups had average total hospital stays of 17 and 26
days, respectively,P, 0.001. Patients surviving rupture had higheraverage EQ-5D utility scores in the endovascular strat-
egy vs. open repair groups, mean differences 0.087 (95% CI 0.017, 0.158), 0.068 (95% CI 20.004, 0.140) at 3 and 12
months, respectively. There were indications that QALYs were higher and costs lower for the endovascular first strategy,
combining to give an INB of £3877 (95% CI £253, £7408) or E4356 (95% CI E284, E8323).
Conclusion An endovascular first strategy for management of ruptured aneurysms does not offer a survival benefit over 1 year but
offers patients faster discharge with better QoL and is cost-effective.
Clinical trial
registration
ISRCTN 48334791.
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Introduction
Ruptured abdominal aortic aneurysm (AAA) is fatal in over 80% of
cases and operative mortality remains high in those who survive to
undergo repair (42%).1 The majority of patients in Europe, the
USA, and elsewhere is treated with open surgical repair rather than
the less invasive endovascular aneurysm repair (EVAR)1– 4 and emer-
gency EVAR is not available, or not always available, in many centres.
Following a small pilot trial,5 three larger European randomized trials
of endovascular vs. open repair of ruptured aneurysms were
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established, with the aim of testing the hypothesis that 30-day out-
comes were better after either endovascular repair or an endovascu-
lar strategy: observational studies suggest that operative mortality
after emergency endovascular repair is in the range of 16–36%,
varying with haemodynamic stability.3,4 The conventional reporting
standard for surgery is 30-day mortality and all three later rando-
mized trials have reported this outcome recently.6– 8 In the two
smaller trials, which recruited a limited range of patients, who were
fit for open repair and after CT scan deemed anatomically suitable
for EVAR, 30-day mortality (20–25%) was similar in patients rando-
mized to EVAR vs. open repair.6,8 The much larger IMPROVE trial,
randomized patients at the point of in-hospital clinical diagnosis,
when vascular teams were alerted, but before a CT scan had con-
firmed either the diagnosis or the anatomical suitability for EVAR.
Randomization was to an endovascular strategy (EVAR wherever
possible, with open repair for those anatomically unsuitable for
standard EVAR) vs. open repair. The aim of this trial was to assess
the clinical andcost-effectivenessof apreferential endovascular strat-
egy for themanagementof suspectedrupturedAAA. Again therewas
no 30-day survival benefit for the endovascular strategy, except
perhaps in women, with overall mortality 35%.7
An editorial commentary on the 30-day outcomes of the
IMPROVE trial emphasized correctly that modern intensive careper-
mitted more patients to survive to 30 days, with many patients still
being in hospital at 30 days, so that only an assessment of longer
term outcomes, to 90 days and beyond, would provide the requisite
evidence for both clinical and patient decision-making.9 This need for
longer term data also is endorsed by a recent Cochrane review and
the IDEAL recommendations.10,11 To the patients and their families
involved in the design of the IMPROVE trial, the most important
outcome was going home without major complications. Here we
report the 1-year pre-specified outcomes from the IMPROVE trial.
Methods
Trial design
IMPROVE (Current Controlled Trials ISRCTN 48334791) is a multi-
centre trial of unselected patients with an in-hospital clinical diagnosis
of ruptured AAA randomized to either an endovascular strategy of
immediate CT scan and emergency EVAR if possible or to emergency
open repair. Since patients were randomized before knowledge of
whether the aortic anatomy was suitable for EVAR, open repair was
the specified treatment for patients (35–40%) who were anatomically
unsuitable for EVAR in the endovascular strategy group. In the open
repair group, CT scan was not compulsory but was used in 90%. The
trial methods and 30-day outcomes have been published7 and, together
with the study protocol, and statistical analysis plan, are available from the
trial web sites www.improvetrial.org; www.imperial.ac.uk/medicine/
improvetrial. Briefly, this trial was conducted in 29 British centres and 1
Canadian centre, with each centre attaining the credentialing criteria ne-
cessary for participation. Patients over 50 years with a clinical diagnosis of
ruptured AAA or ruptured aorto-iliac aneurysm were eligible for in-
clusion, and 613 patients were randomized from September 2009 to
July 2013. The trial guidelines for EVAR suitability were aneurysm neck
diameter ≤32 mm, aneurysm neck length≥10 mm, and neck angulation
,608.12 Since the diagnosis of rupture can be difficult,13 CT scans were
reviewed later by experts in a core laboratory. There are no ESC guide-
lines for the management of ruptured AAA.
Randomization
The trial used central telephone computer-generated randomization
(1:1), stratified by centrewith variable block size.7 Since this wasa surgical
trial focusing on mortality there was no blinding.
Outcomes
The principal longer term outcome was all-cause mortality at 1 year
and other 1 year measures included aneurysm-specific mortality,
re-interventions, health-related quality-of-life (QoL), resource use, dis-
posal (length of hospital stay and the patient-preferred outcome of dis-
charge home, see Supplementary material online, Table S1), costs, and
Quality-Adjusted-Life-Years (QALYs). We estimate cost-effectiveness
by combining costs and QALYs to report incremental net benefit
(INB). All-cause mortality in the UK was assessed through data linkage
with the Office for National Statistics and locally in Canada. Trained
local coordinators were responsible for the collection of prospective re-
source use data including re-interventions according to the trial case
record form (during the primary admission and re-admissions with all
interventions within 30 days classified as aneurysm related). The com-
pleteness of re-intervention and re-admission data was verified by mon-
itoring and using an administrative dataset (Hospital Episode Statistics).
The EuroQoL questionnaire (5-dimension 3-level version; EQ-5D),
a generic measure of health-related QoL on a scale anchored at 0
(death) and 1 (perfect health), was administered at 3 and 12 months to
patients discharged following ruptured AAA repair.14
Detailed resource use and costs within 1 year of randomization were
measured in accordance with international guidelines,15 and reported
from a UK NHS and Personal Social Services perspective16 (see Supple-
mentary material online, including unit costs, Table S2).
Ethical approval was provided by South-Central Berkshire Research
Ethics Committee 08/H0505/173 (England and Wales), Scotland A Re-
search Ethics Committee 08/MRE00/90 (Scotland), and the University
of Western Ontario Health Sciences Research Ethics Board 17698
(Canada). There was a two-stage consent procedure, a brief initial
consent and full post-operative consent. The National Information Gov-
ernance Board ECC 4-03 (f) 2012 approved the collection of data for
date and cause of death for patients without second post-operative
consent.
Statistical analysis
The trial required the recruitment of 600 patients to showa 14% absolute
difference in survival between the randomized groups with .90%
power. Analyses were by intention-to-treat, with the principal sensitivity
analysis restricted to the 502 patients with a confirmed diagnosis of
rupture in whom repair was commenced, according to the pre-specified
analysis plan (www.improvetrial.org). The proportion surviving at 1-year
post-randomization was compared between the randomized groups,
using a Pearson’s x2 test without continuity correction, and odds ratios
were reported using logistic regression before and after adjustment for
sex, age (continuous measure), and Hardman Index17 (continuous, a vali-
dated scoring system for ruptured AAA). Kaplan–Meier survival curves
were plotted after censoring at the end of follow-up or at 1 year, which-
ever came first, for overall and aneurysm-specific mortality and time to
first re-intervention, using log-rank tests for between-group compari-
sons. As previously7, we fitted a complier average causal effects model
to estimate the potential effect of all patients adhering to trial protocol.
Gray’s non-parametric test, accounting for competing risks, was used
to compare the cumulative incidence of overall discharge (from index ad-
mission hospital and secondary hospital) and for discharge to home (time
to discharge compared with Wilcoxon rank-sum test). For pre-specified
subgroups (age, sex, and Hardman index), differences were assessed
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using logistic regression with a test of interaction; given the multiple tests
performed an interaction test P-value of ,0.01 was required to claim
strong evidence of differences between subgroups. The EQ-5D utility
index score was calculated by combining the EQ-5D health profile of
each patient with health state preference values from the UK general
population.14 The resultant mean QoL utility scores at 3 and 12
months post-randomization were contrasted between the randomized
groups, with unpaired t-tests. Quality-Adjusted-Life-Years up to 1 year
were calculated by valuing each patient’s survival time by their QoL at
3 and 12 months according to the ‘area under the curve’ method.18
The study estimated INBs by valuing incremental QALYs at the recom-
mended threshold for a QALY gain (£30 000) then subtracting the incre-
mental costs from this with conversions into E (£1:E1.23519) reported
(see Supplementary material online, Appendix for details). Missing data
on baseline covariates (Hardman index), QoL, and resource use were
addressed with multiple imputation20 (see Supplementary material
online Appendix and Table S3). Sensitivity analyses to explore the robust-
ness of the results to alternative assumptions were conducted, e.g. differ-
ent staffing levels for the emergency operation or varying the unit costs of
the EVAR device.
Results
One-year survival data were available for 611/613 patients rando-
mized (Figure 1). Of the 613 patients, 536 had proven AAA
rupture, and repair was started in 502 (see Figure 1). For the 77
patients without AAA rupture, 22 had acute, symptomatic AAA
(with repair in 21), while of the 55 patients with discharge diagnoses
unrelated to AAA 45 had co-existing asymptomatic AAA (mean
diameter 6.9 cm) and 1 further patient had a thoracoabdominal an-
eurysm. Baseline characteristics were similar between the rando-
mized groups7 (see Supplementary material online, Table S4);
overall 480 (78%) were men, with mean (SD) age of 76.7 (7.6)
years, aneurysm diameter of 8.4 (1.9) cm, and admission systolic
blood pressure of 110 (32) mmHg.
After 1 year, 130 (41.1%) of patients in the endovascular strategy
group had died vs. 133 (45.1%) in the open repair group, unadjusted
odds ratio 0.85 [95% confidence interval (CI) 0.62, 1.17], P ¼ 0.325.
Adjusted results and those restricted to patients with ruptured AAA
repair were similar, with odds ratios 0.86 (95% CI 0.62, 1.21) and 0.86
(0.59, 1.24), respectively. Almost half the deaths, in each group,
occurred within 24 h and the majority occurred within 30 days
(Table 1 and Figure 2A). At 1 year, AAA-related mortality (including
all deaths within 30 days) in the endovascular strategy and open
repair groups, respectively, was 33.9% and 39.3%, unadjusted odds
ratio of 0.79 (95% CI 0.57, 1.10), P ¼ 0.161 (see Supplementary ma-
terial online, Figure S1). The subgroup analysis of 1-year mortality
found weak evidence that the endovascular strategy was more effect-
ive in women than in men, ratio of odds ratio 0.41 (95% CI 0.18, 0.93),
Figure 1 CONSORT diagram showing flow of patients through the trial. AAA, abdominal aortic aneurysm; rAAA, ruptured abdominal aortic
aneurysm; 23% of ruptured abdominal aortic aneurysms were juxtarenal with an aortic neck length,10 mm,21 75% infra-renal, and 2% aorto-iliac.
aOne hundred and forty-nine endovascular aneurysm repair and 110 open repair (27 open repairs in patients suitable for endovascular aneurysm
repair, breach of protocol mainly for operational reasons, e.g. endovascular suite in use or inadequately staffed), b210 open repairs and 33 endovas-
cular aneurysm repairs in breach of protocol, mainly for avoidance of general anaesthesia. 1Follow-up pertains to endpoints other than mortality.
^One patient mortality known to 30 days and one patient mortality known to 3 months. Case record form (CRF) captures re-interventions and
re-admissions, and outpatient visits to the trial hospital.
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P ¼ 0.034 (Figure2B).Among rupturedaneurysm patientswith repair
started, the 1-year mortality was 98/259 (37.8%) in the endovascular
strategy group and 104/241 (43.2%) in the open repair group,
adjusted odds ratio 0.86 (95% CI 0.59, 1.24), P ¼ 0.400. The esti-
mated unbiased causal odds ratio for a trial in which everyone
adhered to the randomized policy was slightly lower: 0.78 (95% CI
0.49, 1.24).
Overall, the time to first AAA-related re-intervention was similar
between the randomized groups, P ¼ 0.701 (log-rank test) (see Sup-
plementary material online, Figure S2) and for the 502 ruptured AAA
patients who underwent repair P ¼ 0.674 (log-rank test) (Figure 3,
Table 1, detailswith reasons for re-interventions inSupplementary ma-
terial online,Table S5). Between 31 days and 1 year, there were only 11
patients (4.2%,12procedures)with re-interventions in theendovascu-
lar group (including 5 endograft related, 1 revision of iliac limb of open
repair, 1 limb ischaemia, and 1 colonic ischaemia) and 9 patients (3.7%,
13 procedures) in the open repair group (including 2 for limb ischae-
mia, 3 colonic ischaemia, 3 for continuing complications of earlier
abdominal compartment syndrome, and 1 axillo-bifemoral bypass).
Between hospital discharge and 1 year, there was only one
AAA-related death, following open repair in the open repair group.
In the endovascular strategy group, 10 patients (3%) were trans-
ferred to a secondary hospital vs. 36 patients (12%) in the open
repair group: at 30 days, 79 patients (13%) remained in hospital
(49/79 in the open repair group). The average times to discharge
from hospital (primary and secondary hospitals) were 17 (endovas-
cular strategy group) and 26 days (open repair group), P, 0.001;
there was an indication of slightly higher cumulative incidence of dis-
charge in the endovascular strategy group, P ¼ 0.114 (Figure 4A).
There was strong evidence that a higher proportion of patients
from the endovascular strategy group were discharged directly
home from the primary hospital, P, 0.001 (Figure 4B).
At 3 months, a higher proportion of patients in the endovascu-
lar strategy group reported ‘no problems’ on the physical health
dimensions (mobility, self-care, and pain) of the EQ-5D QoL ques-
tionnaire, compared to the open repair group (see Supplementary
material online, Table S6). The resultant EQ-5D mean utility
scores were higher in the endovascular strategy vs. the open
repair group; the mean differences for ruptured aneurysm AAA
survivors were 0.087 (95% CI 0.017, 0.158; P ¼ 0.015) and
0.068 (95% CI 20.004, 0.140; P ¼ 0.063) at 3 and 12 months, re-
spectively (Table 2 and Supplementary material online, Table S7).
Average total costs (details in Supplementary material online,
Table S8), which included the provision of both types of repair
at all times, were less in the endovascular strategy (£16 394) vs.
the open repair group (£18 723), with a mean incremental cost
of –£2329 (95% CI –£5489, £922) (Table 2) or –E2617 (95%
CI –E6167, E1036).
The QALY gain at 1 year for the endovascular strategy group was
0.052 (95% CI 20.005, 0.108), with similar results across subgroups
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Table1 Mortality for the 613 randomized patients, and numbers of re-interventions in the 502 ruptured abdominal aortic
aneurysm patients with aneurysm repair started
Variable Missing Endovascular strategy Open repair
Deaths n ¼ 316 n ¼ 297
Within 30 days 0 112 (35.4%) 111 (37.4%)
Before primary hospital discharge 0 115 (36.4%) 114 (38.4%)
Before overall hospital discharge 0 115 (36.4%) 116 (39.1%)
Within 1 year 2 130 (41.1%) 133 (45.1%)
Cause of death 2
AAA 107 (33.9%) 116 (39.3%)
Myocardial disease 4 (1.3%) 0 (0.0%)
Pulmonary disease 6 (1.9%) 4 (1.4%)
Cancer 4 (1.3%) 2 (0.7%)
Stroke and other vascular 7 (2.2%) 8 (2.7%)
Other 2 (0.6%) 3 (1.0%)
Patients with re-interventionsa n ¼ 259 n ¼ 243
AAA-related re-intervention 0 55 (21.2%) 49 (20.2%)
Non-AAA-related re-intervention 0 6 (2.3%) 11 (4.5%)
Number of re-interventions per-persona 0
0 201 (77.6%) 187 (77.0%)
1 42 (16.2%) 38 (15.6%)
2 11 (4.3%) 13 (5.4%)
3+ 5 (1.9%) 5 (2.1%)
aAmong 502 ruptured AAA patients with aneurysm repair started.
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(Table 2 and Supplementary material online, Table S9). When the in-
cremental costs and QALYs are represented on the cost-
effectiveness plane, most (87%) of the estimates are in the quadrant
that designates the endovascular strategy as ‘dominant’, with lower
mean costs and higher mean QALYs (Figure 5). The INB of the endo-
vascular strategy vs. open repair is positive at £3877 (95% CI £253,
£7408) or E4788 (95% CI E312, E9149), a finding robust to a
range of assumptions (see Supplementary material online, Tables S9
and 10, Figures S3 and S5), including increases in operating theatre
staff and varying the costs of the EVAR device from £4000 to
£10,000 (vs. £5700 in the base case) or additional interventions,
Supplementary material online, Figure S5. The probability that the
Figure 2 (A) Kaplan-Meier estimates by randomized group, across all patients (log-rank test p ¼ 0.325) and (B) 1-year mortality odds ratios for
specified subgroups.
Endovascular strategy or open repair Page 5 of 9
by guest on July 5, 2015
D
ow
nloaded from
 
endovascular strategy was more cost-effective was.0.90 at all real-
istic thresholds of willingness to pay for a QALY gain (see Supplemen-
tary material online, Figure S4).
Discussion
Following repairof a ruptured AAA, it hasbeenproposed that follow-
up, to 90 days and beyond is necessary for patient and clinical
decision-making.9 After 1 year, this trial has shown no significant sur-
vival benefit at any time-point for an endovascular strategy (using a
standard EVAR device whenever anatomically and operationally pos-
sible, with open repair as a default option) vs. open repair. In contrast,
there were gains for the endovascular strategy vs. the open repair
group with respect to patient-preferred outcomes: faster discharge,
more often to home, and QoL and overall the endovascular strategy
was cost-effective.
Shock with systemic organ damage, rather than type of repair might
result in the very high early mortality after ruptured AAA repair and
manypatients have prolonged hospital stays. There are otherpotential
reasons why there was no difference in survival between the rando-
mized groups. First, the operative mortality from open repair was
lower than anticipated. Second, we now know that aortic anatomy,
particularly aneurysm neck length, has an important influence on mor-
talityand that thosepatientswhoarenotcandidates for standardEVAR
(40%) have the highest operative mortality, particularly for open
repair, and that those anatomically suitable for EVAR have much
lower mortality after either EVAR or open repair.21 The trial was
designed to be inclusive and consider whether the availability of an
endovascular service would improve the outcome of all patients
with rupture, not just those anatomically suitable for EVAR. So inevit-
ably the endovascular strategy group included a significant proportion
ofpatientswhohadtobetreatedwithopenrepair.Therefore, thefind-
ings suggesting faster recovery in the endovascular strategy group are
notable: shorter overall hospital stay, a greater propensity to be dis-
charged to home, and better early QoL than the open repair group.
The between-group mean differences in QoL, 0.087 (3 months) and
0.068 (1 year), exceed the minimum clinically important difference
of 0.03,22 although at 1 year, the mean difference was not statistically
significant. The absolute EQ-5 utility scores of the endovascular
Figure 3 Time to first re-intervention for the 502 patients with repair of ruptured aneurysm started. Log-rank test P ¼ 0.674.
Figure 4 Hospital discharge (A) Overall time to discharge from
hospital and (B) time to discharge home from primary hospital.
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strategy group at 3 and 12 months (0.76 and 0.78) seemed slightly
higher than those undergoing elective EVAR in the EVAR-1 trial
(0.71 and 0.74, respectively),23 whereas the absolute scores of the
open repair group (0.69 and 0.74) were similar to those undergoing
elective open repair (0.67 and 0.75).23 In addition, in this trial, there
was no evidence of a difference in re-interventions (including those
for endoleaks) at any time during the first year after rupture and the
risk of re-intervention for endoleak seems lower than the 10–23%
range suggested in previous reports:3,24,25 the cost-effectiveness esti-
mates remained robust to sensitivity analyses allowing for additional
interventions. This is in contrast to the findings for elective repair,
where in the first year AAA-related re-interventions were more
common after EVAR and EVAR cost significantly more than open
repair.23
Limitations
First, this was a pragmatic trial and in those with ruptured AAA
EVAR was started in only 58% in the endovascular group (with 27
EVAR-suitable patients receiving open repair for operational
reasons) and 33 patients in the open repair group received EVAR
(primarily because they were deemed unfit for general anaesthesia).
Secondly, data completion was very good, including questionnaire
responses,26 but any missing data were addressed with multiple
imputation, which assumes that any systematic differences in out-
comes can be explained by the variables included in the imputation
model. Thirdly, there was no adjustment for testing of multiple
hypotheses (except for subgroup analyses) but all reported out-
comes were pre-specified. Fourthly, we did not adhere to the stand-
ard American guidelines for the reporting of complications and
re-interventions,27 which are designed primarily for elective
surgery. Finally, re-interventions and costs following EVAR for
rupture may increase after 1 year and all patients will be followed-up
for 3 years to address this.
Currently, only the Dutch AJAX trial has reported outcomes to
beyond 30 days. There were no between-group differences in
health-related QoL and endovascular repair was found not to be
cost-effective.28 There were important distinctions between the
IMPROVE and AJAX trials, which makes it difficult to interpret
the different conclusions concerning QoL and cost-effectiveness;
notably, the AJAX trial included a narrow range of hospitals and
patients (recruited over many years and with few women), used
aorto-uni-iliac devices (with subsequent femoro-femoral crossover
grafting) for endovascular repair and applied unit costs from a single
centre.
In summary, we present new effectiveness and cost-effectiveness
evidence from a large, well-conducted randomized trial, conducted
in the challenging circumstance of emergency patients requiring an
immediate operation to avoid death. It was based on the randomiza-
tion of unselected patients, including appropriate representation of
women, to optimize the generalizability of the findings and all
centres were accredited for providing EVAR in routine and emer-
gency practice.Although the endovascular first strategyoffers no sur-
vival benefit for patients with ruptured AAA, at up to 1 year, this
within-trial report suggests that wider provision of emergency endo-
vascular services is likely to be a cost-effective use of national health-
care systems.
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Table 2 Quality-of-life, total costs (£GBP), and cost-effectiveness outcomes up to 1 year
Outcome Endovascular strategy Open repair Mean difference [95% CI]
n Mean (SD) n Mean (SD)
EQ-5Da,b at 3 months for ruptured AAA survivors 168 0.76 (0.24) 150 0.67 (0.32) 0.087 [0.017, 0.158]
EQ-5Da,b at 12 months for ruptured AAA survivors 161 0.77 (0.20) 140 0.71 (0.35) 0.068 [20.004, 0.140]
QALYb,c for all randomized patients 316 0.40 (0.35) 297 0.35 (0.35) 0.052 [20.005, 0.108]
Total costb (£GBP) 316 16 394 (19 543) 297 18 723 (20 599) 22329 [25489, 922]
Incremental net benefitb,d [95% CI] (£GBP) 3877 [253, 7408]
aThe EQ-5D is a QoL measure anchored on a scale that includes 0 (death) and 1 (perfect health).
bThe EQ-5D, QALY, cost, and INB results are reported aftermultiple imputation to address missing values. The complete case results are shown in the Supplementary material online,
Table S7.
cThe QALY for all randomized patients assumes that for patients without proven rupture, the QoL was the same as at baseline for patients included in EVAR 123 (see Supplementary
material online, Appendix for further details).
dThe INB for the EVAR strategy vs. open repair is calculated by multiplying the difference in mean QALY by the recommended threshold willingness to pay recommended by NICE16
for the UK (£30 000 per QALY) and subtracting from this the incremental cost.
Figure 5 Uncertainty in the mean cost (£GBP) and
Quality-Adjusted-Life-Year differences and their joint distribution
for endovascular strategy vs. open repair.
Endovascular strategy or open repair Page 7 of 9
by guest on July 5, 2015
D
ow
nloaded from
 
Authors’ roles
Trial design and funding S.G.T., M.M.T., R.J.H., R.M.G., R.G., R.A., J.T.P.;
recruitment R.J.H., M.M.T., J.T.P., P.U.; data collection and cleaning
P.U.; Core Laboratory M.M.T., R.A.; data analysis M.J.S., M.G., R.G.;
drafting the manuscript J.T.P., M.J.S., R.G.; and revision of the manu-
script all authors.
Acknowledgement
IMPROVE trial investigators include the following:
Grant applicants: Janet T. Powell (Chief Investigator), Bruce
Braithwaite, Nicholas J. Cheshire, Roger M. Greenhalgh, Richard
Grieve, Tajek B. Hassan, Robert Hinchliffe, Simon Howell, Fionna
Moore, Anthony A. Nicholson, Chee V. Soong (deceased),
Matt M. Thompson, and Simon G. Thompson. Data and Trial
Management: Pinar Ulug (Project Manager), Francine Heatley (Trial
Manager-maternity cover), Aisha Anjum (Trial Monitor), and Gosia
Kalinowska (Trial Administrator). Statistical Analyses: Michael
J. Sweeting and Simon G. Thompson. Health Economics Analyses:
Manuel Gomes and Richard Grieve. Trial Management Committee:
Janet T. Powell (Chair), Ray Ashleigh, Manuel Gomes, Roger
M. Greenhalgh, Richard Grieve, Robert Hinchliffe, Michael Sweeting,
Matt M. Thompson, Simon G. Thompson, and Pinar Ulug (Francine
Heatley). Trial Steering Committee: Ian Roberts (Chair), Peter
R. F. Bell, Anne Cheetham, and Jenny Stephany (Alison Halliday).
Data Monitoring and Ethics Committee: Charles Warlow (Chair),
Peter Lamont, Jonathan Moss, and Jan Tijssen. Credentialing Com-
mittee: Bruce Braithwaite and Anthony A. Nicholson. Core Labora-
tory: Matthew Thompson, Ray Ashleigh, and Luke Thompson.
Regional Principal Investigators (in order of site start date from
earliest to most recent); numbers in parentheses indicate the
number of patients entered into the trial:
United Kingdom: Nicholas J. Cheshire, Imperial College Health-
care NHS Trust, London (20); Jonathan R. Boyle, Addenbrooke’s
Hospital, Cambridge (40); Ferdinand Serracino-Inglott (J Vince
Smyth, December 2012–November 2013), Manchester Royal In-
firmary, Manchester (69); Matt M. Thompson, Robert J. Hinchliffe,
St George’s Hospital, London (75); Rachel Bell, Guy’s and St
Thomas’ Hospital, London (81); Noel Wilson, Kent and Canterbury
Hospital, Canterbury (23); Matt Bown (December 2010–present),
Martin Dennis (to December 2010), Leicester Royal Infirmary,
Leicester (18); Meryl Davis, Royal Free Hospital, London (1); Ray
Ashleigh, University Hospital of South Manchester, Manchester
(21); Simon Howell, Leeds General Infirmary, Leeds (23); Michael
G. Wyatt, Freeman Hospital, Newcastle (23); Domenico Valenti,
King’s College Hospital, London (2); Paul Bachoo, AberdeenRoyal In-
firmary, Aberdeen (4); Paul Walker, James Cook University Hospital,
Middlesborough (5); Shane MacSweeney, Queen’s Medical Centre,
Nottingham (34); Jonathan N. Davies, Royal Cornwall Hospital,
Truro (5); Dynesh Rittoo (January 2012–present), Simon D. Parvin
(to December 2011), Royal Bournemouth Hospital, Bournemouth
(22); Waquar Yusuf, Royal Sussex County Hospital, Brighton (5);
Colin Nice, Queen Elizabeth Hospital, Gateshead (5); Ian Chetter,
Hull Royal Infirmary, Hull (32); Adam Howard, Colchester General
Hospital, Colchester (24); Patrick Chong, Frimley Park Hospital,
Surrey (14); Raj Bhat, Ninewells Hospital, Dundee (8); David
McLain, Royal Gwent Hospital, Newport; Andrew Gordon (June
2012–present), Ian Lane (to June 2012), University Hospital of
Wales, Cardiff (4); Simon Hobbs, New Cross Hospital, Wolver-
hampton (3); Woolagasen Pillay, Doncaster Royal Infirmary,Doncas-
ter (8); Timothy Rowlands (November 2012–present), Amin
El-Tahir (to November 2012), Royal Derby Hospital, Derby (13);
John Asquith, University Hospital of North Staffordshire,
Stoke-on-Trent (15); Steve Cavanagh, York Hospital, York (3);
Canada: Luc Dubois (September 2014–present), Thomas
L. Forbes (to August 2014), London Health Sciences Centre, The
University of Western Ontario, London, ON (13).
Trial Coordinators: Emily Ashworth, Sara Baker, Hashem Barakat,
Claire Brady, Joanne Brown, Christine Bufton, Tina Chance, Angela
Chrisopoulou, Marie Cockell, Andrea Croucher, Leela Dabee,
Nikki Dewhirst, Jo Evans, Andy Gibson, Siobhan Gorst, Moira
Gough, Lynne Graves, Michelle Griffin, Josie Hatfield, Florence
Hogg, Susannah Howard, Cı´an Hughes, David Metcalfe, Michelle Lap-
worth, Ian Massey, Teresa Novick, Gareth Owen, Noala Parr, David
Pintar, Sarah Spencer, Claire Thomson, Orla Thunder, Tom Wallace,
Sue Ward, Vera Wealleans, Lesley Wilson, Janet Woods, Ting Zheng.
Supplementary material
Supplementary material is available at European Heart Journal online.
Funding
This trial was supported by UK Health Technology Assessment award
07/37/64. The views and opinions expressed herein are those of the
authors and do not necessarily reflect those of the National Institute for
Health Research, the National Health Service or the Department of
Health. Funding to pay the Open Access publication charges for this
articlewasprovidedbyUKHealthTechnologyAssessmentaward07/37/64.
Conflict of interest: none declared.
References
1. Karthikesalingam A, Holt PJ, Vidal-Diez A, Ozdemir BA, Poloniecki JD, Hinchliffe RJ,
Thompson MM. Mortality from ruptured abdominal aortic aneurysms: clinical
lessons from a comparison of outcomes in England and the USA. Lancet 2014;383:
963–969.
2. Mani K, Lees T, Beiles B, Jensen LP, Venermo M, Simo G, Palombo D, Troeng T,
Wigger T, Bjorck M. Treatment of abdominal aortic aneurysm in nine
countries 2005–2009: a Vascunet report. Eur J Vasc Endovasc Surg 2011;42:
598–607.
3. Edwards ST, Schermerhorn ML, O’Malley AJ, Bensley RP, Hurks R, Cotterill P,
Landon DE. Comparative effectiveness of endovascular versus open repair of rup-
tured abdominal aortic aneurysm in the Medicare population. J Vasc Surg 2014;59:
575–582.
4. Gupta PK, Ramanan B, Engelbert TL, Tefera G, Hoch JR, Kent KC. A comparison of
open surgery versus endovascular repair of unstable ruptured abdominal aortic
aneurysms. J Vasc Surg 2014;60:1439–1445.
5. Hinchliffe RJ, Bruijstens L, MacSweeney ST, Braithwaite BD. A randomised trial of
endovascular and open surgery for ruptured abdominal aortic aneurysm - results
of a pilot study and lessons learned for future studies. Eur J Vasc Endovasc Surg
2006;32:506–513.
6. Reimerink JJ, Hoornweg LL, Vahl AC, Wisselink W, van den Broek TA, LegemateDA,
Reekers JA, Balm R. Endovascular repair versus open repair of ruptured abdominal
aortic aneurysms: a Multicenter Randomized Controlled Trial. Ann Surg 2013;258:
248–256.
7. IMPROVE trial investigators. Endovascular or open repair strategy for ruptured ab-
dominal aortic aneurysm: 30 day outcomes from IMPROVE randomised trial. BMJ
2014;348:f7661.
8. Desgranges P, Kobeiter H, Katsahian S, Boufi M, Gouny P, Favre J-P. ECAR (Endovas-
culaire vs. Chirurgie dans les Anevrysmes Rompus): a French Randomized Con-
trolled Trial of endovascular vs. open surgical repair of ruptured aorto-illiac
R. Grieve et al.Page 8 of 9
by guest on July 5, 2015
D
ow
nloaded from
 
aneurysms. Presented at European Society for Vascular Surgery, Stockholm, Sep-
tember 2014. Eur J Vasc Endovasc Surg 2015 (in press).
9. Bjorck M. Surgery for ruptured abdominal aortic aneurysm. BMJ 2014;348:g95.
10. Badger S, Bedenis R, Blair PH, Ellis P, Kee F, Harkin DW. Endovascular treatment
for ruptured abdominal aortic aneurysm. Cochrane Database Syst Rev 2014;7:
Cd005261.
11. McCulloch P, Altman DG, Campbell WB, Flum DR, Glasziou P, Marshall JC, Nicholl J.
No surgical innovation without evaluation: the IDEAL recommendations. Lancet
2009;374:1105–1112.
12. Schanzer A, Greenberg RK, Hevelone N, Robinson WP, Eslami MH, Goldberg RJ,
Messina L. Predictors of abdominal aortic aneurysm sac enlargement after endovas-
cular repair. Circulation 2011;123:2848–2855.
13. Hoornweg LL, Wisselink W, Vahl AC, Reekers JA, van Delden OM, Legemate DA,
Balm R. Interobserver and intraobserver variability of interpretation of
CT-angiography in patients with a suspected abdominal aortic aneurysm rupture.
Eur J Vasc Endovasc Surg 2008;35:295–300.
14. Dolan P, Gudex C, Kind P, Williams A. A Social Tariff for EuroQoL: results from a UK
General Population Survey. In: CHE Discussion Paper 138. , York; 1999.
15. Gold MR. Cost-effectiveness in Health and Medicine. New York: Oxford University
Press, 1996.
16. National Institute for Health and Care Excellence. Guide to the Methods of
Technology Appraisals. London: National Institute for Health and Care Excellence;
2013.
17. Hardman DT, Fisher CM, Patel MI, Neale M, Chambers J, Lane R, Appleberg M. Rup-
tured abdominal aortic aneurysms: who should be offered surgery? J Vasc Surg 1996;
23:123–129.
18. Manca A, Hawkins N, Sculpher MJ. Estimating mean QALYs in trial-based cost-
effectiveness analysis: the importance of controlling for baseline utility. Health
Econ 2005;14:487–496.
19. OECD Purchasing Power Parities and Exchange Rates for all OECD countries. Or-
ganisation for Economic and Cooperation and Development, Paris, France; 2012.
http://www.oecd.org/std/prices-ppp/purchasingpowerparitiespppsdata.htm.
20. White IR, Royston P, Wood AM. Multiple imputation using chained equations: issues
and guidance for practice. Stat Med 2011;30:377–399.
21. IMPROVE trial investigators. The effect of aortic morphology on peri-operative
mortality of ruptured abdominal aortic aneury. Eur Heart J 2015. doi: 10/1093/eur-
heart/ehu521.
22. Walters SJ, Brazier JE. Comparison of the minimally important difference for
two health state utility measures: EQ-5D and SF-6D. Qual Life Res 2005;14:
1523–1532.
23. Brown LC, Powell JT, Thompson SG, Epstein DM, Sculpher MJ, Greenhalgh RM. The
UK EndoVascular Aneurysm Repair (EVAR) trials: randomised trials of EVAR versus
standard therapy. Health Technol Assess 2012;16:1–218.
24. Noorani A, Page A, Walsh SR, Varty K, Hayes PD, Boyle JR. Mid-term outcomes fol-
lowing emergency endovascular aortic aneurysm repair for ruptured abdominal
aortic aneurysms. Eur J Vasc Endovasc Surg 2012;43:382–385.
25. Mehta M, Byrne J, Darling RC III, Paty PS, Roddy SP, Kreienberg PB, Taggert JB. Endo-
vascular repair of ruptured infrarenal abdominal aortic aneurysm is associated with
lower 30-day mortality and better 5-year survival rates than open surgical repair.
J Vasc Surg 2013;57:368–375.
26. Noble SM, Hollingworth W, Tilling K. Missing data in trial-based cost-effectiveness
analysis: the current state of play. Health Econ 2012;21:187–200.
27. Chaikof EL, Blankensteijn JD, Harris PL, White GH, Zarins CK, Bernhard VM,
Matsumura JS, May J, Veith FJ, Fillinger MF, Rutherford RB, Kent KC. Reporting
standards for endovascular aortic aneurysm repair. J Vasc Surg 2002;35:1048–1060.
28. Kapma MR, Dijksman LM, Reimerink JJ, de Groof AJ, Zeebregts CJ, Wisselink W,
Balm R, Dijkgraaf MG, Vahl AC. Cost-effectiveness and cost-utility of endovascular
versus open repair of ruptured abdominal aortic aneurysm in the Amsterdam Acute
Aneurysm Trial. Br J Surg 2014;101:208–215.
Endovascular strategy or open repair Page 9 of 9
by guest on July 5, 2015
D
ow
nloaded from
 
